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EXERCISE 29.15

Q1.

Solution:

Given:

Let point P = (0, 0, 0) and M be the image of P in the plane
3X+4y—-6z2+1=0.

Direction ratios of PM are proportional to 3, 4, — 6 as PM is normal to the plane.

The equation of the line passing through (X1, Y1, z1) and having direction ratios
proportional to I, m, n is given by
X=X, V=V ZI714
Il  m  n
Here,
(X1, V1. 23) =(0.0,0)and (1, m, n)= (3. 4, -6)

Hence, the equation of PM is
x—0 y—-0 z-0

3 4 —6

X VvV Z
=;~3—4 _ﬁ—a(say)
X=30.y=40,Z=-060

Let M = (3a, 40, —60).

As M is the image of P in the given plane, the midpoint of PM lies on the plane.
Using the midpoint formula, we have

0+3a 0+ 4a D—Ea)

Midpoint of PM = (

2 72 " 2
3a
= ( > , 20, 3[1)
This point lies on the given plane, which means this point satisfies the plane
equation.
So.

=3 (?) +4(20) - 6(=3c) + 1= 0

9a
E—l—ﬂn:-l—laa-l—l:ﬂ
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9a + 1l6a + 36a
5 =
6laa=—-2
2
61

=

We have M = (30, 40.—60)

<w=(s(-2) 4(-2) (- 2)

( 6 8 12)
L 61 61'61
& g 12)

Hence, the image of (0, 0. 0) in the plane3x +4y—-6z+1=01s (_E’ 61°61

Q2.
Solution:

Given:
Let point P = (1, 2, -1) and M be the image of P in the plane 3x — 5y + 4z =5,

Direction ratios of PM are proportional to 3, -5, 4 as PM is normal to the plane.

The equation of the line passing through (X, y1, z1) and having direction ratios
proportional to I, m, n is given by
X=X V=V Z714
Il  m  n
Here,
(X1, ¥1- Z3)=(1.2,-1)and (1, m. n) =(3.-5. 4)

So. the equation of PM is
x—1 y—-2 z-(-1)
3 -5 4
x—1 y—2 z+1
3 -5 4
x=30+1.y=-50+2,z=40—1

= a (say)

Let M=Q@a+1,-50+2,4a—1).
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As M is the image of P in the given plane, the midpoint of PM lies on the plane.
Using the midpoint formula, we have

Midooint of PM 1+(3a+1) 2+ (-5a+2) -1+ (4a—1)
idpoint o = 5 , 5 . 5
3a+2 —ba+ 4
MidpDiIIthPM=( > > , ﬂ’—l)

This point lies on the given plane. which means this point satisfies the plane

equation.

3(3a+2)—5(ﬁ)+4(2a—1)= 5

2 2
ou+6 —250+ 20
———— +8a—4=5
90t + 6 + 250 — 20 + 16a

> =9

50a— 14 = 18
500 = 32

32 16
““50" 25

Wehave M= (30+1,-50+2.40—-1)

= (639 1-5(2)+24(3)-

48 16 64
M= (E-F 1,—E+2,E— l)
73 6 39
- (E’_E’E)

73 & 39)
5

Hence, the image of (1. 2. —1) in the plane 3x — 5y +4z=75is (Z "25/.

Q3.

Solution:
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Given:
Let pointP = (5, 4. 2) and Q be the foot of the perpendicular drawn from to P

x+1  y-3 -1
theline = = 3 = -1.

Q is a pointon the given line. So, for some o, Q is given by
Xx+1 y—-3 z-1
Xx=2oa-l.y=30+3.z=—ar1
S0,Q=QR2a-1,3a+3,—a+1)

Now, let us find the direction ratios of PQ.

The direction ratios of a line joining two points (Xy, Y1, Z1) and (X, Yz, Z») are given by
(X2 — X1, Y2 — Y1, 2o — Z1).

Here,

(X1, Y1, 21) = (5,4, 2) and (X2, ¥2, 22) = a— 1,30+ 3, —a+ 1)

Direction Ratios of PQ are (2o —1) — (5), Ba+3)—(4), (—a+ 1) —(2))
Direction Ratios of PQ are (20— 6, 30— 1, —a— 1)
PQ is perpendicular to the given line, whose direction ratios are (2, 3, —1).

We know that if two lines with direction ratios (a;, by, ¢;) and (ay, by, ¢,) are
perpendicular to each other, then a;a, + b;b, + ¢;¢, = 0.

(2)(2a—6) + ()Ba—-1)+ (-1)(~a-1)=0

4a-12+90-3+a+1=0

140-14=0

140 =14

oa=1

We have Q=2a—1,3a+ 3, -a+1)
Q=(2x1-1,3x1+3,-1+1)
Q=(1,6,0)

Using the distance formula, we have
PQ=,(1—-5)2+(6—4)2+(0—2)2
= /(92 +22 + (-2)2

=Vi6+4+4

— Vi
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= Ew.,"'g
Hence, the required foot of perpendicular is (1. 6. 0) and the length of the

perpendicular is 2v6 ynits.

Q4.

Solution:

Given:

Let P be the point with position vectorP = 31+ + 2K and M be the image of P
in the planeT- (2i-j+k) =4

In addition, let Q be the foot of the perpendicular from P on to the given plane.
So.Q is the midpointof PM.

Direction ratios of PM are proportionalto 2, —1. 1 as PM is normal to the plane
and parallel to 21 —J + k.

The vector equation of the line passing through the point with position vector
I and parallel to vector b is given by

F=3+1b

Here.

3=31+]+2kgngb=2i—j+Kk

Hence, the equation of PM is

t=(31+7+2k)+A(21—j+k)

T=(3+20)i+ (1-j+(2+1k

Let the position vector of M bel. AsMisa point on this line, for some scalar
o, we have

m=(3+20)i+(1—a)j+ 2+ a)k

Now., let us find the position vector of Q. the midpoint of PM.

Let this be G.

Using the midpoint formula. we have
L _p+m
1=
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31+ ]+ 2k] + [(3+ 20)1+ (1 — @)j + (2 + a)K]
2

B+@B+20))i+(1+(1-)j+(2+2+n))k
2
(6+2a0)1+(2— a)j+ (4+ )k
2
2-a). “+a).
3 Itk

N=1|
[

=1}
|

=1}
[

d=0CB+wi+

This point lies on the given plane, which means this point satisfies the plane
equation ™. (21 —j+ k) = 4.

(2-—a), (4+a)-
y Itk

(B+wi+ (2i-j+k) =4

26+ - (5N 0+ () () =4

4+[‘I—{:2—[‘,{)_4
2

20+ (1+a) =-2

3a0=-—3

a=-1

6+ 2a+
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We have the image
m=0G+20)i+(1-a)j+(2+ak
m=[3+2(-D]i+[1—-(-Dlj+[2+(-D]k
m=i+2j+k

Therefore, image is (1, 2. 1)

Footofthe perpendicular:

d=0B+ai+ {2;“]]‘+ {“’;“]E

G=[B+(-Dli+ 2_(_1)l]‘+ 4+(_1)IE
2 2

. 3 3.

q=21+£]+£k

Hence, the position vector of the image is I + 2] + K and that of the foot of

., 3., 3p
perpendicular is 20437+ 2k

Q5.
Solution:
Given:

Let point P = (1, 1, 2) and Q be the foot of the perpendicular drawn from P to the plane
2X -2y +4z+5=0.
Direction ratios of PQ are proportional to 2, —2, 4 as PQ is normal to the plane.

The equation of the line passing through (x1, Y1, z;) and having direction ratios
proportional to I, m, n is given by
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X=X VY=V -1

] m n

Here.
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(X1.¥1.Z1)=(1.1.2)and (l. m.n)=(2.-2.4)

So.the equation of PQ is

x—1 y—-1 z-2

2 =2 4

x—1 y—1 z-—-2

2 =2 4

= a (say)

x=2o+t1l.y=-20+1.z=40+2
Let Q=2a+1.-2a+1.4a+2).

This point lies on the given plane, which means this point satisfies the plane equation.
2(200+1)—2(-20+1)+4(4a+2)+5=0
4o+2+40—-2+16a+8+5=0

240.+13=0

240 =-13
© 13

“= "

WehaveQ=(2a+ 1,20+ 1.40+2)

0= (2(-55) +1-2(-35) +14(-39) +2)

( 13 13
12 "12

( 1 25 1)
S\ 127127 6

6

——+1,—+ 1,—+2)

The length of the perpendicular drawn from (X;. vi. z;) to the plane Ax + By +

Cz+D=01is given by

|M1+B}F1+Czl+ D

VAZ + B2 + (2
Here.

(X1, V1. 2) = (1. 1. 2) and (A. B, C. D) = (2.-2. 4. 5)
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P 2)M+(=2)M)+(4)2)+5
Q=

J22+(—2)2 + 42
2—2+8+5

Va2 +16
13
V21
13
=7
1 25 1

Hence, the required foot of perpendicular is (_ 12°12° 6
13

perpendicular is 2/& units.

) and the length of the
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